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ABSTRACT

A pilot eight-day coho salmon smolt bicassay was performed on selected
wastewater discharges to Grays Harbor to help identify the cause(s) of
low out-migrant survival. Ecology participated in the project by
analyzing the tested effluents and dilution water. Ten percent solu-
tions of two pulp mill effluents and a municipal sewage effluent were
collected at day one and agaln at day four when the solutions were
renewed. All samples were analyzed for conventional, metal, volatile
organic, semi-volatiles, resin acid, and guaiacol comnstituents.
Analytical results indicated the effluents contained concentrations
similar to those quantified in other studies. Recommendations for
improvements in the bioassay procedure and analytical methods were
made in anticipation of a full-scale bioassay.

INTRODUCTION

The Washington Department of Fisheries (WDF) has reported that Chehalis
River basin salmon are contributing to the ocean fishery at reduced
rates (Seiler, 1986). Seiler suggested that out-migrating salmon
smolt populations may be undergoing severe losses in or near the Grays
Harbor estuary. An interagency committee was formed in response to
this report to coordinate investigative work performed by various
local, state, and federal agencies and private industries attempting

to determine the source and extent of the problem.

The commlittee recognized the need to assess the effects of Grays
Harbor pulp mill and municipal sewage effluents on coho smolts using
bioassay procedures. In pursuit of this assessment, they decided to
run a renewal toxicity test pilot project before expending resources
on full-scale bioassays. The pilot bicassay procedure was designed
to:

1. Test the ability for various members to coordinate sub-tasks.
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2. Evaluate the bioassay procedures and analytical methods.

3. Collect preliminary chemical and bicassay data on the effects of
these effluents on coho smolts.

The Department of Ecology Technical Services Program was assigned the

task of analyzing effluent and control/dilution water used in the
bioassay.

The Bioassay

On April 30, 1987, the WDF delivered coho smolts (non~hatchery) to the
Weyerhaeuser Company Research and Development staff at their mobile
bioassay lab stationed at the company's Cosmopolis mill site. Concur-
rently, effluents arrived that had been collected that morning from
the ITT sulfite pulp mill in Hoquiam, the Aberdeen wastewater treatment
plant (WTP), and the Weyerhaeuser Cosmopolis (WEYCO) sulfite mill.
Chlorinated water piped to WEYCO from Lake Aberdeen was used for the
control tank and for dilutions. Staff from the Department of Ecology
Water Quality Investigations Section (WQIS) arrived and obtained
portions of each of the three effluents and the control/dilution
water. These samples were transported to the Ecology Manchester
Environmental Laboratory for analysis. WEYCO personnel conducted the
bioassay over an eight-day period. Fresh solutions of effluent were
used to renew the biocassay tanks on the fourth day, and Ecology WQIS
personnel returned to repeat the sample collection and analysis
procedures. The bioassay was terminated on the eighth day. The fish
were transported to the U.S. Fish and Wildlife Service (USFWS) field
station on Marrowstone Island, held in seawater, and observed for four
months. USFWS personnel also performed periodic metabolic tests on
the fish. At the end of the four months, some fish were held for
tissue analysis by the U.S. Environmental Protection Agency (USEPA).

This report presents the analytical results of effluent and water
samples taken during the bicassay. Recommendations are also made to
improve some procedures and methods for the full-scale bicassay project
tentatively scheduled for spring of 1988. The other agencies and
industries 1nvolved in the pilot project will independently report the
results of their sub-tasks.

METHODS

A description of each sample collected for analysis by the Ecology lab
at Manchester during the bloassay 1s presented in Table 1. All efflu-
ent samples were independently collected and delivered to the WEYCO
mobile biocassay lab in plastic carboys provided by each of the facili-
ties. Samples for laboratory analysis were taken from the carboys
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after vigorous mixing. The control/dilution water samples were col-
lected directly from the tap in the mobile lab. Most effluent and
control/dilution water samples were analyzed in the field for pH and
specific conductivity using field meters, and temperature using a
mercury thermometer. The pH of a second set of resin acid, and
guaiacol samples collected on May 4 was adjusted to 10 in the field
using NaOH pellets. Volatile, semi-volatile, resin acid, and guailacol
samples were collected in priority-pollutant-cleaned glass jars and
vials with teflon lids. Metals samples were collected in acid-
cleaned, high-density polyethylene containers. All samples were
stored on ice in the dark and were delivered to the Manchester Labora-
tory within three hours.

Table 2 lists the analytical methods used (Huntamer, 1986). The
detection limits for the analyses can be found in Appendix I. Resin
acld samples were extracted using the EPA Method 625 dichloromethane
(methylene chloride) procedure and derivitized with diazomethane
instead of the National Council of the Paper Industry for Air and
Stream Improvement, Inc. (NCASI) diethyl ether extraction and tri-
ethyloxnium tetrafluoroborate derivitization procedure (NCASI, 1986)
because of short lead time given to the lab (Huntamer, 1987). Both
resin acid analysis procedures are outlined in Figure 1. The guaiacol
samples were also extracted, derivitized, and analyzed using the
modified EPA Method 625 outlined in Figure 1.

The following quality control and quality assurance (QA/QC) measures
were taken:

o A blind duplicate of one effluent sample was taken during the
first collection and analyzed for all parameters.

o A transport blank was analyzed for metals, semi-volatile, resin
acid and guaiacol parameters during the second collection.

o The second set of resin acid and gualacol samples was analyzed
both with and without pH adjustment.

o Standard Manchester lab QA/QC procedures were followed; e.g.,
surrogate spikes on organic analyses, matrix spikes, replicate
analyses, laboratory blanks, and internal and external standards.

RESULTS and DISCUSSIOKN

Analytical results from the two sets of samples are presented in Table
3. Included are the transport blank (#87-197479) and the blind duplicate
(#87-187455) results. Tentatively identified compounds detected in

the semi-volatile and methylated semi-volatile fractions of the samples
are presented in Table 4.
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General Data Quality

The analytical results appear to be accurate, considering the methods
used and analytical difficulties documented by the laboratory. The
difficulties will be detailed below. The transport blank indicated
quantifiable levels of four analytes: cadmium, mercury, and two phthalate
esters. The results presented in Table 3 have not been corrected for
the concentration of analytes detected in the transport blank. A
volatile organics (VOA) transport blank should have been collected,
and needs to be included in the full-scale project. The analytes of
the duplicate samples for the first set of effluents appeared to be in
general agreement. Standards and matrix spikes for the VOA samples
were acceptable, and no problems were reported for the conventional
and metal analyses.

The laboratory reported some difficulties with the semi-volatile,
resin acid, and guaiacol analyses and results (Huntamer, 1987). One
of the two control/dilutions water samples (#87-197478) was acciden-
tally destroyed by the lab. However, since neither semi-volatiles,
resin acld, nor guaiacols were detected in the one control/dilution
sample, none of these compounds were expected in the other. Also, the
dichloromethane extraction procedure failed to provide complete sepa-
ration of the semi-volatiles, so that up to 50 percent of the neutral
fraction was lost (Huntamer, 1987). Consequently, the concentrations
of individual neutral compounds in the methylated acid fraction were
quantified and were added to the results from the neutral-fraction
analysis. Huntamer (1987) remarked that this was not a serious prob-
lem because of the small amounts of semi-volatile compounds in the
samples.

There were also some problems with the resin acid procedure. Matrix
spike recoveries were poor on the pH 10 adjusted sample (#87-197477Y),
and in all spikes for levopimaric and neoabietic acids (Appendix II).
Huntamer (1987) suggested the latter two compounds may have been
rapidly degraded during or after the extraction procedure and may
require special preservation techniques; he had no explanation for the
poor splke recoveries on the pHE 10 sample. Isomerization of neoabietic,
levopimaric, and palustric acids has been noted in solutions stored at
a pH of 2 (NCASI, 1983). For example, NCASI found 25 to 30 percent of
the levopimaric acid converted to abietic acid under such conditions.
However, they did not mention resin acid conversions or degradation in
samples kept at pH 10.

Huntamer (1987) gave the following recommendations:
1. Give the laboratory ample lead time (2 weeks or more)

2. Strictly adhere to the NCASI method for resin acids extraction
and analysis
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3. Collect, preserve, and extract resin acid samples separate from
semi-volatile samples

The full-scale project should incorporate these recommendations.

A high degree of variability is common In effluent grab samples unless,
as may have been the case here, there is a dally periodicity in effluent
treatment and control, and conditions influencing influent quantity

and quality are stable. The second set of sample results showed few
differences from the first (Table 3). This was surprising since the

ITT and Aberdeen WIP sarples were not 24-hour composites, but grabs.
Ammonia concentrations in both the Aberdeen WIP and WEYCO mill effluents
showed the greatest differences between sets. Despite the lack of
significant problems with effluent variability during this bioassay,

it may be better to collect 24-hour composite samples at all sites 1if

a static re renewal bioassay is performed again.

Resin acid and guaiacol samples at unadjusted and adjusted pH in the
second set showed some differences (Table 3). The WEYCO effluent with
a pB of 10 had a trichloroguaiacol concentration one fifth the pRB 2.8
sample. Poor surrogate spike recovery in the ITT effluent with a pH
of 10 prevented a useful comparison with the pH-unadjusted sample
(Appendix II).

Effluent Quality

Most of the results look to be within the range of values commonly
reported in other studies (Table 5). Of the chemicals detected or
conditions recorded, only a portion are of particular interest to this
project; i.e., those toxic to fish. The most commonly recognized fish
toxicants in this set of pulp mill and municipal sewage effluents are:

Chlorinated compounds.
Ammonia.

pH.

Metals.

Chlorinated phenolics.
Resin acids.

00 00 O0

Available USEPA aquatic life criteria are presented for these and
other chemicals in Table 6.

The effluents were not tested in the field for residual chlorine. The
control/dilution water from Lake Aberdeen is chlorinated, and most
pulp mill effluents contain residual chlorine from bleaching processes.
The Aberdeen WIP effluent sample was collected prior to chlorination.
During the planned full-scale bioassay, the Aberdeen WIP sample should
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be collected as chlorinated effluent since fish are exposed to chlori-
nated effluent in Grays Harbor. Residual chlorine field analyses
should also be performed before and after mixing the effluent and
dilution waters.

Chloroform was the most frequently detected chlorinated compound

(Table 3). It was detected in all samples, which is not unusual

(Table 5). Chloroform and bromodichloromethane are commonly detected

in chlorinated domestic waters as well (Symons, et al., 1975). However,
as mentioned above, a VOA transport blank should be included in the
full-scale bioassay. This is to ensure that chloroform is not being
introduced in some part of the sample collection, transport, or analy-
sis. The chloroform concentrations were not at levels considered

toxic to aquatic life (Table 6). However, chloroform is a suspected
carcinogen and mutagen (USEPA, 1986).

Ammonia concentrations were within the range of values normally found
in pulp mill effluents (Table 5). The estimated total ammonia
concentration in the 10 percent dilution of the Aberdeen WTP effluent
(2.5 mg/L) was at or near the USEPA freshwater chronic (4-day) limit

for salmonids (USEPA, 1986). This potentially toxic condition was
unknown at the time of the bioassay, but there was some concern whether
the fish would become stressed as a result of excreted ammonia building
up in the tanks over the four days. So at the time of the effluent
changeover, a sample was taken for ammonia analysis from the Aberdeen
WIP effluent fish tank. The ammonia concentration in the sample was

9.4 mg/L--an increase of approximately 6.9 mg/L (25 mg/L times 0.1 = 2.5
mg/L; 9.4 mg/L minus 2.5 mg/L = 6.9 mg/L). According to USEPA criteria,
this ammonia concentration could have been acutely toxic to the fish

in freshwater at pH levels above 7.7 and temperatures greater than 5

to 10°C.

A constant feed, flow-through bioassay would remove ammonia built up
from wastes excreted by the fish, while allowing effluent ammonia
stress to be observed. The pH, temperature, and ammonia levels should
be monitored in future bioassays.

The pH values of the WEYCO mill effluent reveals a problem in the
biocassay procedure. The WEYCO mill adjusts its final effluent pH to 3
to control coliform levels; ITT does not. The 2.7 to 3.1 pH of the
WEYCO mill effluent would probably have been toxic to the bioassay
fish at full strength. The buffering capacity of the dilution water
may have kept the pH above 5.0 in the 10 percent WEYCO effluent solu-
tions, but as a precaution the team performing the bioassays adjusted
the pH of the fish tank; their report should be consulted on this
detail.

A pH below 5 is toxic for most fish primarily because of the CO
concentration (Doudoroff and Rztz, 1950; Alabaster and Lloyd, 1882)
However, the buffering capacity of brackish water is generally better
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than freshwater, so that common brackish conditions in Grays Harbor
when WEYCO discharges are not as influenced by severely low pH as may
occur in a freshwater bioassay. Therefore, if higher strength solu-
tions of the effluents are used in the full-scale bloassay, the WEYCO
effluent may create pH-related mortalities unless: (a) the effluent pH
is artificially adjusted in the bioassay tanks, or (b) a brackish
water solution is used to dilute the effluents. Perhaps an artificial
seawater solution could be added to the primary freshwater dilution
source to alleviate the problem.

Seven metals were detected in the samples (Table 3). Copper and
cadmium were detected in all samples, although cadmium was also de-
tected in the transport blank. Zinc was detected in all test solu-
tions except the second control/dilution sample. Lead is generally
present in municipal wastewater effluents, but was not detected in any
sample. Perhaps a lead-spiked sample is warranted as a QA/QC check.
Copper and cadmium concentrations in some of the full-strength effluents
were at USEPA criteria levels (Table 6). Since the toxicities of

these metals are hardness- and pH-dependent, these parameters should

be monitored in the fish tanks during the full-scale project bioassay.
If analytical costs become an issue, the following metals can probably
be eliminated from the analysis: antimony, beryllium, selenium, silver,
and thallium. They do not appear to be common in either type of
effluents (Table 5}.

A few chlorinated phenclics including chlorinated guaiacols, were
detected in the samples in minor amounts (Table 3). These compounds
were detected only in the pulp mill effluents, and are not uncommon in
mill and municipal treatment effluents (Table 5). Trichlorophenol and
trichloroguaiacol were the predominant compounds detected. The concen-
trations of the phenolic compounds detected may be affected by pH
adjustments of the samples. The pH 10-adjusted WEYCO and ITT samples
of the second collection showed distinctly lower concentrations of
chlorinated guaiacols than the non-adjusted samples (Table 3). Ac-
cording to a NCASI study, chlorinated guailacols and catechols may
degrade in samples preserved and extracted at pH 10 (NCASI, 1983).
NCAST (1983) also states that derivitization with diazomethane converts
both chlorinated guaiacols and chlorinated catechols into chlorinated
veratroles. Therefore, the two original analytes become indistinguish-
able, and the reported results here are probably the sum of those two
compounds. Considering these findings, the pH 10 adjustment for
preservation of the samples should be reserved only for the resin acid
analysis, and a better guaiacol and catechol method should be found.

The toxicity of chlorinated phenolic compounds to aquatic life has not
been thoroughly investigated. Table 7 lists the toxicity data that
could be located. It is interesting to note the similarities in
toxicity for the more chlorinated phenolic compounds. For example,
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Hutchins (1979) presents work performed by Leach and Thakore (1977)
showing tri- and tetrachorinated guafacols acutely toxic to rainbow
trout at 0.1 to 1 mg/L. A similar range 1is reported by USEPA (1980)
and Buccafusco, Ells, and LeBlanc (1981) for tri- and tetrachlorinated
phenol toxicities. Only the sum of chlorinated phenols and guailacols
in the second, full-strength, WEYCO sample had a concentration within
this range. Chloroguaiacols and chlorophenols are reported to be
lipophyllic and accumulative in fish lipid tissue, but they are also
relatively rapidly depurated (Bjorseth, et al., 1981).

Resin acids were not detected to the degree usually found in pulp mill
effluents (Table 5). As mentioned earlier, extraction and analytical
problems may have interfered with accurate quantification of these
compounds. The toxicity data found for resin acids are presented in
Table 7. Although they and chlorinated phenols have long been identi-
fied as some of the most toxic components of pulp mill effluents,
there have not been many published toxicity studies. The data reported
in Hutchins (1979) from work performed by Leach and Thakore (1977)
indicate individual compounds are acutely toxic to coho at 0.2 to 0.8
mg/L, and mixtures of resin acid are toxic at 0.3 to 0.5 mg/L (Table
7).

A large number of other organic compounds were tentatively identified
(Table 4). Many of these are similar to compounds reported in kraft
mill bleachery effluents (Kringstad and Lindstrom, 1984; Lindstrom and
Osterberg, 1986; Voss, 1983). They are generally described as chlori-
nated and unchlorinated components of wood lignins. Current research
is centered on theilr mutagenicity and toxicity to bacteria. Further
research of the Importance of these compounds and techniques for their
positive identification may be useful before the full-scale bioassay
is undertaken.

There are other compounds that might be considered for analysis during
the full-scale bioassay that were not tested in the pilot. For example,
Hutchins (1979) mentions the following toxic pulp effluent components:
eugenocl, juvablones, fatty acids, and diterpene alcohols. Under

certain effluent conditions, sulfite and bisulfite may be toxic (Hutchins,
1979; Seeley, 1987). Other individual toxic components of pulp mill
effluent, accounting for over 40 percent of the total sulfite effluent
toxicity, remain unidentified (Hutchins, 1979). Also, although munici-
pal effluent toxicity may be related primarily to ammonia and chlorine
compounds, there can be pesticides and other unidentified toxic com-
pounds as well. It may be prudent to perform a more thorough litera-
ture search on the toxic components in these effluents before the list
of analyses in full-scale biocassay plan is finalized.
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CONCLUSIONS AND RECOMMENDATIONS

Two sets of full-strength effluent and dilution water samples were
analyzed for conventional, metal, volatile, semi-volatile, resin acid,
and guaiacol components. The analytical results appeared to be accu-
rate. TFor example, the semi-volatile and resin acid extractions with
dichloromethane were not entirely successful. Some chlorinated phenolic
components and guaiacols may have been degraded because of sample
preservation at pH 10.

Effluent and dilution water results appeared to be within the range
reported in other studies. Some components potentially toxic to
aquatic life were detected. Ammonia may have built up in the bioassay
tanks to levels stressful to fish as a result of initial diluted
effluent ammonia and fish-excreted ammonia. The extremely low pH of
the WEYCO mill effluent also could stress fish in the low-alkalinity
dilution water. Aquatic toxicity criteria were exceeded for cadmium,
copper, and total chlorinated phenolics in some full-strength effluents.
They did not appear high enough to cause toxicity in a 10 percent
solution. Unchlorinated and chlorinated compounds tentatively identi-
fied in the effluents were similar to those reported in the literature,
and may require further investigation.

The following improvements to the bioassay procedures and amalytical
techniques are recommended:

o Collect 24-hour composite samples to minimize effluent quality
variability.
o Collect chlorinated rather than unchlorinated Aberdeen WIP effluent

for the bioassay, and consider using a brine solution for dilution
water. Both may more accurately portray environmental conditions
in Grays Harbor, and the brine solution may buffer pH of the

WEYCO effluent.

o Consider using a flow-through toxicity testing scheme rather than
a static or renewal scheme to prevent build-up of ammonia.

o Field test for residual chlorine and hydrogen sulfide in the
effluents prior to addition to the biloassay tanks.

o Monitor pH, temperature, ammonia, and hardness in the bioassay
tanks to help evaluate metal or other component toxicity.

o Notify lab chemists well in advance of the biocassay so they can
have all analytical materials at hand.

o Collect volatile organics transport and transfer blank samples to
ensure the quality of the effluent analyses.
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o] Analyze a spiked lead sample for QA.

o Use NCAST resin acid method of extraction and analysis.

o Preserve, store, and extract resin acid samples separate from
semi-volatile and guaiacol samples.

o Do not adjust the pH of the guaiacol samples to 10 or derivitize
the sample with diazomethane. Research a better method for their
analysis.

o Antimony, beryllium, selenium, silver, and thallium can probably
be dropped from the list of analyses.

o Because many may be toxic, a more thorough evaluation of the
tentatively identified compounds detected in the pilot study
should be performed prior to finalization of the full-scale
bioassay analysis list.

o The efficacy of adding eugenol, juvabiones, diterpene alcohols,
catechols, bisulfite, and other compounds to the list of analyses
should be investigated.

JJ:cp
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Don Kjosness, Industrial Section
Gary Bailey, SWRO
Mike Morhous, SWRO
Dick Huntamer, Lab
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Table 2. Analytical procedures for sasples taken during the brays Harbor effluent pilot bioassay,
fpril- May 1987 (Huntaser, 198&].

Analysis Method & 1t CORPODURTD Hethoo ¢ :: CoMPOUND
Conventionals : : Sesi-vplatiles {continued) : EPR 625 Besi-volatiles (continued)
pH : SHAZ3 5 Pentachlorophenol : 3;3'-dichlorobenzidine
Total Alkalinity ;o SM 803 s bis(2-chloroethyl}ether : 2-gethylphenol
Total Hardness : SH JI4B bis{2-chloroisopropyl)ether : 4-gethylphenc]
Jotal Sclids : SM 208 bis(2-chloroethoxylaethane : Benzyl alchohol
Total Mon-Vol. Selids + o BX209D ¢ 4-chlorophenyl phenyl ether 4-brosophenyl phenyl ether
Total Suspended Solids i 5K 2050 1,3-dichlorobenzene 4-chloroaniline
T. Non-¥ol. Sus. Solids 5K 209D : 1,4-dichlorobenzene Dibenzofuran
LoD Sk 508C {,2-dichlorobenzene n-nitroso-di-n-propylasine
NHI-N EPA 350.1 & 1,2,4-trichlorobenzene Volatiles
Metals ¢ CLP 785 :: Hexachloroethane Chlorosethane
frsenic b Nitrobenzene Brosomethane
Beryllius : * Hexachlorobenzene Vinylchloride
Cadeius : . 2,6-dinitrotoluene Chioroethane
Chromies : * 2;4-dinitrotoluene Hethylene chloride
Copper : * Isopharane {,1-dichloroethylene
Lead : ¥ Nitrosodiphenylasine Iy1-dichloroethane
Thalliue : : : Hexachlorobutadiene {,2-dichlorpethane
Nickel ) : Hexachlorocyclopentadiene : Trichloroethene
Silver . : 2-chloronaphthalene : Chlorofors
Iinc : : HH Acenaphthene : {1 1-trichloroethane
Antisony : " : Acenaphthylene : {y1,2-trichlproethane
Selenius H ) : Fluorens : Carbon tetrachloride
Mercury . : Naphthalene : Brosodichlorosethane
Resin Acid/ Bualacols Special - s Phenanthrene : 1,2-dichloropropane
Buaiacol : see text Anthracene : tis-1,3-dichloropropens
4,5,6-trichloroguaiacol and i Fluoranthene : trans-1,3-dichloropropens
Tetrachloroguaiacol : Figure 1 :: Pyrene : Total Xylenes
Retene : * : Benzo{a)anthracene : Benzene
Isopimaric Acid : * : Chrysene Chlorodibrosogsethane
Levopimaric fcid : * : Benzo(b) fluoranthene Bromofors
Dehydroabietic Acid : b : Benzo{k}fluoranthene 1,1,2,2-tetrachloroethane
Abietic Acid : . : Benzo(alpyrene Tetrachloroethene
Neoabietic Acid : b : Dibenzola,hlanthracene Toluene -
Dichlodehydroabietic acid : " H Indeno-1,2,3-c,d-pyrene Chlorobenzene
Sesi-vplatiles EPR 625 12 Benzo(g,h,i}perylene Ethyibenzene
Phenol ' Diethylphthalate Acetone

2-thlorophensl
2-nitrophenol
2,4-disethylphenol
2,4-dichlorophenol
4-chloro-I-sethylphenol
2,4,6-trichlorophensl
2,4,5-trichlarophens]
2,4-ginitrophenol
4-nitrophenol

& . &-dinitro-o-cresol

# Methods are noted from the following reterences:
EK = Standard Methods (AWWA,WPCF,APHA, 1985)
EPA = U. 6. Environsental Protection Agency (Federal Register, 1984) for Kethods 624 & &25.

EPA = U. §. Environeental Protection Agency (USEPA, 19B3)

Di-n-butylphthalate

Benzyl butylphthal ate
bis(2-ethylhexyl)phthalate
Bi-n-octyl phihlate
Disethylphthalate

Renzoic acid
2-nitroaniline
3-nitroaniline
4-pitroaniline
2-gethylnaphthalene

o am mw

2-butanone
2-thloroethylvinyl ether
Carbon disulfide
Vinyl acetate
4-gethyl-Z-pentanone
2-hexanone
Styrene
trans-1,2-dichloroethene
2-hexanone

for Kethod 350.1.

[LF = U. 5. Envirpneental Protection Agency, Contract Laboratory Progras (USEPA, 1985)
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esle I Analvtical data for the effluent and control water used in the Aoril, 1987 fish bicassay.

ail values sg/L unless otherwise noted,
Station HEYCD EFF.NEYCD EFFLWEYCD £FF, T Iah ITT  ABERDEEN ABERDEEN

POND D  FPONDD  FOND D 333 EFF EFF NTF EFF WIP EFF WIF EFF  WTP EFF

late : 4/30 5/04 5/04 LYMY 3/04 S04 4/30 4/30 5/04 5704 4/3t
Cailection tiee : 14:45:00 11:05:00 11:06:00 08:30:0¢ 0B:10:00 08:10:00 08:30:00 O0B:IC:00 05:00:00 09:00:00 14:30:8
tagple Nusber : 87-187451 B7-157475 B7-197475 B7-1E7452 B7-197474 87-197474 B7-1B7453 €7-1B7455 87-197477 B7-197477 §7-1B7454 B7-197478 B7-197479 £7-19748(0
Saaple type ¥ : 24HR 24HR 24HR BRAE BRAB BRAR BRAB DUP SRAR GRAR BRAE
FIELD CONVENTIONALS
Field Teep. {deg () H 5.5 9.0 19.0 17,0 2.0 .0 14,8 14.8 7.0 17.0
Field pH {s.u.) : M 2. 2.8 6.5 6.4 6.4 7.4 7.4 7.1 7.1
Field Cond. (ushos/ce) : 2000 2000 2000 1200 1450 1450 £20 420 325 125
LAB CONVENTIORALS
tab Cond. (ushos/ta) : 2140 2710 2710 1360 1550 1550 428 443 362 362 36
pH agjusted for Resin Arids: NG 04 YES i N0 YES N NG N YES NG
Laboratory pH (s,u.} H 2.9 Z.8 10,0 6.3 5.4 10.0 7.2 1.2 7.4 10.0 b7
Total Alkalinity as CaCO3 -- -- M 74 110 126 210 21
Total Hardness as [al03 : 400 550 280 110 2 g 84 i
Total Solids : 1800 2100 1560 1700 245 760 1’0 IS
Total Non-Vol. Solids : 880 1100 765 B&O 160 170 140 43
Total Suspended Solids 3 220 160 63 1 9 g I3 1¢
Total Non-Vol. Susp. Sclids: 14 16 b 11 2 3 2 4
Coo H 800 B80¢ 870 1000 4 17 13 25
KHI-N : 0.72 4.8 7.2 2.5 25 2 8.0 0.24
METALS
drsenic H - -~ 0. 0040 - -- 0.002 3.002 -
Berviliue : - - - - . - - —
Cadeiun : 0.0034  0.0023 0.0008  0.0015 0.0005 ¢.0007  €.0007 0, 0004
Chrosius H 0.053 0.03f 0.068 0.124 - 0,003 - -
Copper : 0.031 0,081 0.013 0,010 0.010 0.607 0,011 0.002
Lead : -- -- -- -- - - - -
Thallius : - - - - -- - - --
Kickel : 0.062 0.009 o118 0.011¢ -- - 0,004 -
Silver : b = - b - - - -
ling : 0.18! 0,162 0.032 0.075 0.021 0.014 0.021 0.004
Antisony : - -— - - -- - - --
Selenius s - - -- - - - - -
Nercury : 0.00014  9,00007 0,06007 - 0.000¢ . 00004 -- 0.00007
¢04 AND BNA COMPOUNDS
#cetone : -~ 0.00733 - -- - - - -
Chlorotors : 0.0073  0.00313 0. 110¢ 4,199 0.00233  0.004%  £.002% 0.02%2
fenzene H -- - - - - -- - --
Brosodichlorosethane : -- -~ 0.00042)  0.00018] - -~ - 0.0027:
Ivienes : -- - -- 0.00068] - -- - -
Ethylbenzene i - -~ -- 0.00011J -= -~ - -
Toluene 0.001J 0.001J == 0.000036J -- -- -- --
Benzoir arid : - 0.0033 - - - - - -
di-n-butyliphthalate H -~ -- - -- 0.00633  0.00027  6.00033 --
bis{2-ethylhexyliphthalate : -- -~ - -- - - -- -
di-n-octylphthalate H -- - - - - - -~ -
2.4,6-trichiorophenc] H -- ¢.011 0. 00054 -~ -~ - - -
2.4,5-trichlorophenol : 0.011 - - -- -- .- - -
Kaphthalene : 0.0002)  0.00033 -- -~ - - -- --
t.2-dichiorobenzene : -- -- -- -- - - 4.00030 -
L. 4-dichlorobenzene : - - -- -~ 0.06027  0.0002]  5.000W -
d-gethylphenol 0,047 0.035 0.0005: - - - -- -
Phenol : - 0.00073 - - - - - -
big{Z-chloroethyl)ether : - —— - £.56050 - - - --
2,4-dichiorophenol : 0. 002 0.003d - - -- - -- -
RESIN ACIDS / BUAIACOLS
4,5,6-trichloroguaiacol : 0,046 0.09100  0.01600 - 0.00610 - . - - - -
Tetrathloroguaiacol : 0,015 (.01906 ©.00670  0.0056  0.00740 - -- - - - e
sehydroabietic acid : 6,015 C.01BOD  ©.02200  0.9015) -- -- - -~ - -- -
Dichlndehydroabietic atid 6,013 0.0S700  0.04700  ©.00B2  £,00500 -- -- -~ - - -

5
o

Saaple either 3 24-hr. coaposite or & single event grab. DUP is a field duplitate.

- Denotes value below detection liait,

Biank spaces indicate anaivsis was not perforeed.
Yalue is estigated | analvte present but not gquantifiable.

* Basple accidentlv destroyes &t the laboratary.

LAC
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richioratuatacol HE O to 0,002 ¢ : :
Isooiearic Anrd IR o 0,084 ¢ H :
Dehverzasietic fric t 0,248 s 0.950 : :
007 tn 0340 : H

Dichlisrogenvdroatietic acio RS o 0,003 ¢ : :
Chigreganvdroatiesic Acid : 0.0 e 0,093 : : .
Preariz &zid H .2 6,032 » : H

0,120 3 ! :

e:c kic : D0

Lingiers fcyd : 5.0 [ T 1 : :

Eporvstearic Acud H {007 o 0,020 ¢ : :
Seai-veiatiies : : : :

Fhero: L 004 - otr 0,256 ¢ -- G028 : C.004 F R

I-thioroohenol o 6.027 0,021 fo 0.030: : :

4-metryiphenci : : 0,08 : :
2 4-craethylphenc H : - + : :
2.4-¢ichloroohens: s 0,052 - s 0.130: -- 0.02¢ : :
2.4, 6-trichlorcsnennt o 0006 0002 1o 0.270: - 0,087 : 0.008 :

4-n1trophencl H : -- + : H
Fentacaicrophenc: o L.000 0 LL00L tr 0.00L : - G018 : + HE MAOR T Y
Heracticroethane H H == : H

+
hrenaptthene : : - + : :
Flugreas : H—. +
Naghtralene o D036 G007 te 0,088 ¢ - + : + H
Pherantarene H H .- + s f

Anthracene : : b + H :
Flugrarthene : H - - : !
Fyrene : H -- + : H
Benzria anthrazers : - - + : :
Chrysere f : -- + : :
Benzoistéluorantrene : H - + : :
Benzcic:fluorant H : - . : :
Benzotaipyrene H : - + : :

Dibenzo:ia,hlantnracens : : - + . .
Indenc-t.2,3-r.8-pyrene H
Benzcig,h.ilperyiene : H - + H H
Diethyiphthalate s 0014 .04 0.014 ¢ - 0.02¢ : ]
Di-n-sutviphthaiate : H - 0,008 : H
¢

e
©

Benzvi sutvlphthalate H : - 0.012 : H

bis(Z-ethylhexviiphthalate E R -~ 0,081 ¢ -~ C.18¢ : H

-

©

h-n-oztyl phthiate H : -- + : :
Disetnvignthaiate : H - 0,000 : H
Velatile organic coapounds : : -- : H
Chiorosetnane : : -
Kethyiere cniorige 0.7 LR02 e T.100 -
1,2-dizhioroers : H -
POCASY L0120 1o 1200 -
v 0BOT O BLO0E o 0,008 ¢ -
0002 --oto Q005 --

Benzene IR -t (.08 -
Tetrachioraethene F R ) == to 0,006 : --
Toluens N ] -- tp 0.06b ¢ -

Chlorotenzene : [
Ethyitenzene : : —
Dichisrotluoroeetnane H : -

# Taken éroa Tahle ¢ of referenze LSE™R, 1980k, Fou- sulfite paper el
er Jept. o fcolegy | riai Section data dor b osulfite mills -
cetectes sel oper quantrfied.

trow bravs Hargor

¢ Jure 1T, 1985 (Albright, 19BT}

coijutants geteITEg in greater than 10 % zé tre sazvles.




Table t. USEPA criteria for the protection of aquatic life for organic cosoounds an:

petals detected in the Brays Harbor effluent sagpies. All values are so/L.
OREAKIC CO®PODUNDS
JSEPA LOWEST DBSERVED EFFECTS LEVELS #
FRESHEATEEK ®ARINE

CORPOUND Arute Chronic Acute Chronic
Chlorofore : 28.90 1,24 -- --
Benzene : 3.30 -- 5.1¢ .70
Brosadichlorosethane 11.00 - 12.00 6.40
Xvienes : -~ - -- -
Ethylbenzene : 32.00 -- 5.43 -
Toluene : 17.50 -- 5.30 5.00
Benzoic acid : - -- -- -
di-n-butylphthalate : -- - - --
bis{2-ethylhexyliphthalate -- -- - -
di-n-octylphthalate : -- - - -
2,4 t-trichlorophencl : -- 0,97 - -
2,4,5-trichiorophenol : -- -- - -
Naphthalene : 2,30 0.62 2,35 --
1,2-gichlorokenzene : 1.12 0.76 1,97 -
1,4-dichlorobenzene : 1.1 0.7¢ .97 -
§-gethylphenol : -- - -~ -
Phenol : 10,20 2.56 5.80 -
bis{2-chloroethyllether : -- - -- --
2,4-dichlorophencl : 2.02 0.37 - --
§,5,b-trichloroguaiacol : -- - - --
Tetrachloroquaiacol : - -- -- -
Dehydroabietic acid H -- - -~ --

Dichlorodehydroabietic acid

t None of the cospounds listed above have sufficient data to establish fire criteria
for the protection of aguatic life, so the USEPA has given lowest observed effect
ievel (LDEL) data until criteria can be established.

-- Insufficient data to establish a LOEL.

METALS
JS5EPA FRESHWKATER CRITERIA FIR 48UATIC LIFE
Cadeiug Chrosiuas +3 Copper Nicke] linc Arsenic +1 Mercury

Eite Date Hardness :  acute chronic  acute chronic  acute chronic acute chronic acute chromic acute chronic  acute chronic
REYCD 4130 400 18,7 1.4 5405 £44 65 19 4382 509 79 43 360 150 2.4 0.012
77 4/3 280 12,5 2.5 4036 481 47 9 39 M 280 254 360 190 2.4 (.012
ABERDEEN 3730 2 e 11 162 193 i i1 1322 147 109 99 360 190 2.4 0.012
ABERDEEN £/30 73 2.8 0.9 1372 154 14 g ISSVERRVL 52 B3 T80 190 2.4 0.012
CONTROL 4/30 3 1.2 0.5 752 %0 7 5 598 té 49 45 360 190 2,4 0.012
HEYCD 3/04 330 2.8 4.1 7015 B g8 5 399% &7 §9¢ 4% 360 190 2.4 0,012
7 5704 6 4.1 7.8 4186 23 H S| 3694 411 sy 9t 0 180 2.4 0,012
ABERDEEN 3/04 s .7 LG 1535 183 13 0 1248 13¢ W07 93 0 180 2.4 0,012
CONTROL 5704 47 1.7 0.t 93 112 9 & 749 83 62 S I8 198 2.4 0,012
TRAKS BLRK S/04

atute:

{ hr, average concentration, once in three vears
chronic: 4 day average concentration



“able 7.
to freshwater fish.

All values mg/L.

Data for resin acids. quaiacols, chlorophenois and related coapounds toxicity

Coapound Species Method  Duration Effect  [oncentration Reference

Abietic acid toho static + 96-hr L[ 50 0.4 leach and Thakore, 1977%4
Dehydroabietic acid toho static # 9&-hr L 30 0.75  Lleach and Thakore, 197732
Chlorodehydroabietic acid rainbow tr  static %6-hr  LC 50 0.80  Leach and Thakore, 19774+
Dichlorodehydroabietic acid rainbow tr  static 96-hr L[ 50 0.60  Leach and Thakore, 19778
Isopigaric acid coho static +  96-hr  LC 50 0.22  Leach and Thakore, 1977%
Palustric acid toho static + 96~hr LC 50 0.55  leach and Thakore, 197743
Pigaric acid coho static #  96-hr LC 36 0.32  Leach and Thakore, 1977#
Sandaracopimaric acid coho static ¢ 96-hr LC 56 0.36  Leach and Thakore, 19773
Epoxystearic acid rainbow tr static 96~hr LC 50 £.90  Leach and Thakore, 19774+
Lichlorostearic acid rainbow tr static 96-hr LC ¢ 2.30  Lleach and Thakore, 19773
Trichloroguaiacal rainbow tr  static G6-hr  LL 50 0.75  Leach and Thakare, 1977#
Tetrachloroguaiacol rainbow tr  static 9&~hr  LC 50 0.32  Leach and Thakore, {977#+
Z,4,6-trichloropheno! fathd sinnow static 9-hr LL 50 0.60  USEPA, 1972 ##:
2,4,6-trichlorpphencl bluegill static 96-hr LC 50 0.32  USEPA, 1978 w43

2,4, 6-trichlorophencl fathd sinnow ELS 36-hr chronic 0.72  USEPA, 1978 ##s
2,4,6-trichlorophencl bluegill static 28-hr  LL 5O 0.72  Buccafusco, Ells & LeBlanc, 1981
2,4 6-trichlorophenol luegill static %6-hr L 50 0.32  Buccafusco, Ells & LeBlanc, 1981
2,4,5-trichlorophencl blueqill static 96~-hr  LL S5O 0.45  USEPA, 1978 #1s
2y4,5-trichlorophenol rainbow tr  static é8-hr L 3O 1.00  Shuesay & Palensky, 1973
2,4,5-trichlorophenol bluegill static 2é-hr LL 50 0.4 Buccafusco, Ells b LeBlanc, [9Bf
2,4, 5-trichlorophenol bluegiil static 94-hr LC 50 0.4  Buccafusco, Ells b LeBlanc, 1981
2,24 6-tetrachlorophenol blueqiil static 28-hr LC 50 019 Buccafusco, Ells & LeBlanc, 1981
2,3,4,6-tetrachlorophenci bluegill static 36-hr L So 0.14  Buccafusco, Ells b LeBlanc, 1981
2,34, 6-tetrachlorophens! bluegill static 96~hr  LL 50 0.14  USEPA, 1978 #3+

2,3 8, b-tetrachlorophensl bluegill static %-hr  LL 50 0.47  USEPA, 1978 &3+
2,3,4,6-tetrachlorophenol goldfish static 24-hr LC S0 8,75 Kobayashi, et al., 1979 #&#
Pigarol rainbow tr static 94-hr LC 50 0.3¢  Leach and Thakore, 197744
Isopisarol rainbos tr  static S6-hr  LL 30 0.30  Leach and Thakore, 197732
Dehydroabietol rainbce tr static 96-hr LC 50 0.80  Leach and Thakore, 19773#
Abietc! rainbow tr  static F6-hr  LC 50 1.80  Leach and Thakore, 197742
Juvabione rainbos tr  static #  96-hr L[ 50 1.50  Leach and Thakore, 197732
dJuvabiol rainbow tr  static ¢+ 9-hr UL 50 1.80  Leach and Thakore, 19773#

4’ -dehydrojuvabione rainbow tr  static £ 9%-br L[ S0 0.80  Leach and Thakore, [977##
Dehydrojuvabione rainbow tr  static #  9b-hr  LL SO 2.00  Leach and Thakore, 19778

Resin acid mixture coho static 96-hr LE 3¢ 0.3 - 0.5 Leach and Thakore, 1977#%

i Static biocassay with toxicant solution renewal every & to B hours.

#
¥ Referenced and listed in
ELS Early life-stage test

USEPA (1980}

Referenced and listed in Hutehins (1979)



APPENDIX I.

Detection limits for parameters analyzed in the Grays Harbor effluent pilot
bioassay, April-May, 1987, All values ug/L.
CETBCLITN LIBIUS 107 Cara3BLEMS A%aiyID 1N TTE Arav: nardor 51,00 BITAESAY, mpllimRaV,
(987, ALl vaiues ugiL. .
: Detection ot Jetectien 1: letectic
COMPCOUND ©Lislts CONPLUND s Lisits TIOMPOUND Lieits
“stal Alvalinrty R sist2-chlorotsopropyliether ! -9 0 I,0-dichlorooentidine )
Tstal Hardgness H 1600 sis{2-chioroethcxy)aethane -3 Z-gethyliphenci -9
Tstal Soligs : 1000 i-chlorophenyl phenyi etner -9 i-gethyliphenc. -9
“otal Non-¥ol. Solids : 1400 ,3-dichlercoenzene H -9 i tenzyl alcashe: -9
“otal Suspences Solias : 1000 C4-dichlcrocoenzene -t i-brogophenvi tuetyl ether 1-9
T. Non-voi. Sus. Solids : 1000 : L, 2-dichlorosenzene H -3 : s-chlorpaniline -8
L : 4000 : 1, 2,4-trichloropenzene PR litenroturan -
NHI-N : L ~gracnloroethane -3 a-nytroso-di-n-sroiylasing =%
ArEEenIC : N sitrogenzene : -3 “hlorosetnane i
terviiiuz : 32 -grach;orobenzene : -9 : Lrosopetnane e
Tademiuas : £.2 : Iy b-dinitretoluene it ‘inylchicrige R
lhrosiua ; ! i 2,4~dinitrotoluene : -9 Chicrpethane 10
Copper : H : ‘spphorone : -9 : Yethylene cniorize :
-eag H 1 i Yitrosodiphenyiasine : -9 H { i-dichloroesaviene 3
Thalliua : { i 4exachlorobutadiene -9 : {,1-dichloroetnane 3
Nickel : { 1 vgxachiorocycliopentadiene : -9 1 te-dichloroetnans M
Silver : 0.2 : Z-chloronaphthalene H -5 : Trichlorcethene 3
lint : . i rcenaphthene H -9 : hlorpfora K
Antiecny : { i “cenaphthylene : -9 oy i-trichlersethane S
Seleniua : H i Fluorene : -3 : {ylyd-trichioroethane S
¥ercury H 0,97 : %aphthalene H -9 H Tarbon tetrarrnic-ige 3
Juaiacol 15 o fhenanthrene : -9 : Brospdichlorcsernane T
4,5,6-trichloroguatacs: : t-i5 Arthracene PEL I L I-dichioropresane 5
Tetracnicrasuasacc! °-15 Fiuoranthens : -9 : ci3-1,7-¢ichioresropene <
Retene : 1-15 Sereng H i-9 : trans-{, I-dichicrepropene <
Isopimaric &oid : T8 tenzo{ajantaracens i-3 Total fyienes g
.2VEB13aTIC AT:E 30 Thryseng -9 : fenzene 5
iehvercacietic ACig i3 tenzoib) fluoranthene -5 {%lorooisroapaetnane :
Agietic Aciz . Tenzoieflaoranthene -9 irezotora B
Yeoabletiz Acid : &=30 Tepzosdipvrens : -7 H LiiyZes-tetracsioroetrane 0
cichiorenversabienic st £-18 sihenzola,hianthracene -5 Tatrachiorosinene S
Thenoi H -0 T~deno-1,2,3-c.d-pyrene : -9 ' Toluene 5
I-chiorophenc H I8 : Fenzo{g,h,liperviene : 19 : Chloropenzene S
2-nitroprenni : i-9 liethylphthalate -9 : Ethylbenzene S
2,4-disethylphano] -9 i Li-n-tutviphthalate 1-9 Acetone 0
2,4-dichlorophenci : -9 i tenzyl tutylphthalate : -9 I Z-butanone 5
i-chlorg-I-sethylphenci -9 tig(2-ethylhexyl)phthalate -9 .: 2-thlorgethyivinyl ether 0
2,4 6-tricnicrophenoi : -3 : si-n-octyl phthiate : 1-9 : Carbon disulfice S
2,4,3-tricnlorophencd H 4-9 H Dimethylphthalate H -9 Vinyl acetate S
Z,4-dimtropnenoci : =43 : Senzoic acid : 27-43 : d-gethyl-2-pertancne 0
4-nitroghensi : 443 H I-mitroamiline H 43 H Z-hexanone i
4. b-dinitro-o-crescl H =43 o C-mitroaniiine ! 43 : ttyrene 3
Pentacrioropnenol : 4-43 f-mitroaniiine H 4-43 : trans-1,2-dichizroethene <
his{Z-chioroethyiiether : t-7 i Z-gethylnaphthalense : -9 I-hexanone 10



Appendix II. Semi-volatile surrogate spike recoveries and resin acid/guaiacol
blanks and matrix spike data for Grays harbor effluent samples
collected in April and May 1987.

Semivolatile Surrogate Spike Recoveries. Sampie Identification
187451 167457 167453 187454 187455 1BV4BEY 1B7455YJ BNJIZTW
Compound % b3 % ¥ % % % b3
2 fluorophenol 91 50 67 62 72 90 94 82
Phenol-d5 97 44 65 34 64 87 85 70
Nitrobenzene-d5 79 52 57 79 69 72 80 7
2-fluorobiphenyl 84 58 80 81 51 76 76 72
Pyrene-d10 103 66 86 81 99 84 89 85
Terphenyl-d14 65 68 110 79 88 9 103 109
197475 197476 197477 197478 197479 BN7131W QA/QC
Compound 3 b3 )3 b4 )3 3 Limits %
2 fluorophenol 58 53 55 A 46 84 23-121
Phenoi-d5 51 23 34 § 23 68 15-103
Nitrobenzene-d5 70 45 73 ‘é 39 64 41-120
2 fluorobiphenyl 66 55 68 _:_: 66 67 44-119
Pyrene-d10 71 63 90 :,% 88 80 -~
Terphenyl-d14 43 70 104 é 116 103 38-128

Resin Acid/Guaiacol Laboratory Blanks and Matrix Spike Analyses

LAB BLANKS MATRIX SPIKES
T
SAMPLE 1D ! SAMPLE 1D
| 1874 - i 1874 - 1974 - i
CAS # Compound Units 27W 31W ;. Units 55Y 55YJ 77Y 77Yd
T
90-05-1 Guaiacol ug/L 10u 10u ‘ % 144 69 49 9
4,5,6 Trichloroguaiacol*! wug/L 10u 10u % 138 145 - 188
944-31-6 Tetrachloroguaiacel* ug/t 10u 10u % 121 106 1 149
4833-65-8 Retene ug/L 10u 10u 5 % 90 95 183 117
1686-62-0 Isopimaric Acid* ug/L 20u 20u % 88 82 2 107
3513-69-7 Levopimaric Acid* ug/L 20u 20u % - - 13 -
1235-74-1 Dehydroabictic Acid* ug/L 10u 10u | % 94 90 4 145
127-25~3  Abietic Acid* ug/L 10u 10u lll 3 89 83 1 39
3310-97-2 Neoabietic Acid* ug/L 20u 20u % 1 0.1 2 0.1
Dichlorodehydroabietic
Acid* ug/L 10u 10u % 51 56 1 96
2459-25-8 2-Napthoic Acid* }3 90 85 % 93 95 13 118
(surrogate spike)
}
!
Sample pH oH - - { pH 7.2 7.2 10 10
[

¥ Measured as the Methylester
¥*  Sample Preserved at pH 10 at Time of Collection
Analyzea for Resin Acids/Guaiacols Only



